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(54) MULTIPLE ANNULAR COMBUSTION CHAMBER SWIRLER HAVING SPRAY PILOT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent formation of a hot spot and a 
cold spot in a combustion chamber (32) of a gas turbine engine. 
SOLUTION: Each of swirlers (70 and 72) swirls air flowing through 
the respective swirlers (70 and 72) and has a plurality of blades (74 
and 76) to mix together air and liquid drops of fuel fed by a pilot fuel 
nozzle (64). Main mixers (54 and 112) swirl air, flowing through a 
plurality of fuel injection ports (98), and a plurality of blades (104, 
108, and 120) are provided to mix together air and liquid drops of fuel 
fed through the fuel injection port (98). Swirlers (102, 114, and 116) 
situated upstream of a plurality of the fuel injection ports (98) are 
included. 
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1. Title of Invention 

MULTIPLE ANNULAR COMBUSTION CHAMBER SWIRLSR 
HAVING ATOMIZING PILOT 

2. Claims 

1. A mixer assembly (50, 110) for use in a combustion 
chamber (32) of a gas turbine engine, said assembly (50, 
110) comprising: 

a pilot mixer (52) including an annular pilot housing 
(60) having a hollow interior (62) , a pilot fuel nozzle 
(64) mounted in the housing (60) and adapted for dispensing 
droplets of fuel to the hollow interior (62) of the pilot 
housing (60) , and a plurality of concentrically mounted 
axial swirlers (70, 72) positioned upstream from the pilot 
fuel nozzle (64) , each of said plurality of swirlers (70, 
72) having a plurality of vanes (74, 76) for swirling air 
traveling through the respective swirler (70, 72) to mix 
air and the droplets of fuel dispensed by the pilot fuel 
nozzle (64) ; and 

a main mixer (54, 112) including a main housing (90) 
surrounding the pilot housing (60) and defining an annular 
cavity (92)-, a plurality of fuel injection ports (98) for 
introducing fuel into the cavity (92) , and a swirler (102, 
114, 116) positioned upstream from the plurality of fuel 
injection ports (98) having a plurality of vanes (104, 118, 
12 0) for swirling air traveling through the swirler (102, 
114, 116) to mix air and the droplets of fuel dispensed by 
the fuel injection ports (98) . 

2. A mixer assembly (50, 110) as set forth in claim 
1 wherein the main mixer swirler (102, 114, 116) is a 
radial swirler. 
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3. A mixer assembly (50, 110) as set forth in claim 
1 further comprising a fuel manifold (94} positioned 
between the pilot mixer (52) and the main mixer (54, 112) , 
said plurality of fuel injection ports (98) for introducing 
fuel into the main mixer cavity (92) being positioned on an 
exterior surface (100) of the fuel manifold (94} . 

4. A mixer assembly (50, 110) as set forth in claim 
1 further comprising a barrier positioned between at least 
two of said plurality of swirlers (70, 72) in the pilot 
mixer (52) , said barrier (78) having a converging inner 
surface (80) downstream from said swirlers (70 , 72) . 

5. A mixer assembly (50, 110) as set forth in claim 
4 wherein the barrier (78) has a diverging inner surface 
(80) downstream from said converging surface (80) , 

6. A mixer assembly (50 , 110) as set forth in claim 
1 wherein the pilot housing (60) obstructs a clear line of 
sight between the pilot mixer fuel nozzle (64) and the main 
housing (90) . 

7. A mixer assembly (110) as set forth in claim 1 
wherein said main mixer swirler (114) is a first swirler 
(114) and the main mixer (112) includes a second swirler 
(116) positioned upstream from said plurality of fuel 
injection ports (98), said second swirler (116) having a 
plurality of vanes (120) for swirling air traveling through 
said second swirler (116) to mix air and the droplets of 
fuel dispensed by said plurality of fuel injection ports 
(98) . 
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8. A mixer assembly (50, 110) as set forth in claim 
1 in combination with a combustion chamber (32) comprising: 

an annular outer liner (34) defining an outer boundary 
of the combustion chamber (32) ; 

an annular inner liner (36) mounted inside the outer 
liner (34) and defining an inner boundary of the combustion 
chamber (32) ; and 

an annular dome (38) mounted upstream from the outer 
liner (34) and the inner liner (36) and defining an 
upstream end of the combustion chamber (32), said mixer 
assembly (50, 110) being mounted on the dome (38) for 
delivering a mixture of fuel and air to the combustion 
chamber (32) . 
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3. Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

The present invention relates generally to gas 
turbine engine combustors, and more particularly to a 
combustor including a mixer having multiple injectors* 

Fuel and air are mixed and burned in combustors 
of aircraft engines to heat flowpath gases. The 
combustors include an outer liner and an inner liner 
defining an annular combustion chamber in which the fuel 
and air are mixed and burned, A dome mounted at the 
upstream end of the combustion chamber includes mixers for 
mixing fuel and air, Ignitors mounted downstream from the 
mixers ignite the mixture so it burns in the combustion 
chamber . 

Governmental agencies and industry organizations 
regulate the emission of nitrogen oxides (NOx) / unburned 
hydrocarbons (HC) , and carbon monoxide (CO) from aircraft . 

These emissions are formed in the combustors and generally 
fall into two classes, those formed due to high flame 
temperatures and those formed due to low flame 
temperatures. In order to minimize emissions, the 
reactants must be well mixed so that burning will occur 
evenly throughout the mixture without hot spots which 
increase NOx emissions or cold spots which increase CO and 
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HC emissions. Thus, there is a need in the industry for 
combustors having improved mixing and reduced emissions. 

Some prior art combustors such as rich dome 
corabuators 10 as shown in Fig. 1 have mixers 12 which 
provide a rich fuel-to-air ratio adjacent an upstream end 
14 of the combustor. Because additional air is added 
through dilution holes 16 in the combustor 10 , the fuel -to- 
air ratio is lean at a downstream end 18 of a combustor 
opposite the upstream end 14 . In order to improve engine 
efficiency and reduce fuel consumption, combustor designers 
have increased the operating pressure ratio of the gas 
turbine engines. However, as the operating pressure ratios 
increase, the combustor temperatures increase. Eventually 
the temperatures and pressures reach a threshold at which 
the fuel-air reaction occurs much faster than mixing. This 
results in local hot spots and increased NOx emissions. 

Lean dome combustors 20 as shown in Fig. 2 have 
the potential to prevent local hot spots. These combustors 
20 have two rows of mixers 22, 24 allowing the combustor to 
be tuned for operation at different conditions. The outer 
row of mixers 24 is designed to operate efficiently at idle 
conditions. At higher power settings such as takeoff and 
cruise, both rows of mixers 22, 24 are used, although the 
majority of fuel and air are supplied to the inner row of 
mixers. The inner mixers 22 are designed to operate most 
efficiently with lower NOx emissions at high power 
settings. Although the inner and outer mixers 22, 24 are 
optimally tuned, the regions between the mixers may have 
cold spots which produce increased HC and CO emissions. 



SUMMARY OF THE INVENTION 
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Among the several features of the present 
invention may be noted the provision of a mixer assembly 
for use in a combustion chamber of a gas turbine engine. 

The assembly includes a pilot mixer and a main mixer. The 
pilot mixer includes an annular pilot housing having a 
hollow interior, a pilot fuel nozzle mounted in the housing 
adapted for dispensing droplets of fuel to the hollow 
interior of the pilot housing, and a plurality of 
concentrically mounted axial swirlers positioned upstream 
from the pilot fuel nozzle. Each of the swirlers has a 
plurality of vanes for swirling air traveling through the 
respective swirler to mix air and the droplets of fuel 
dispensed by the pilot fuel nozzle. The main mixer 
includes a main housing surrounding the pilot housing 
defining an annular cavity, a plurality of fuel injection 
ports for introducing fuel into the cavity, and a swirler 
positioned upstream from the plurality of fuel injection 
ports having a plurality of vanes for swirling air 
traveling through the swirler to mix air and the droplets 
of fuel dispensed by the fuel injection ports. 

Other features of the present invention will be 
in part apparent and in part pointed out hereinafter. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Corresponding reference characters indicate 
corresponding parts throughout the several views of the 
drawings . 
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Referring to the drawings and in particular to 
Fig. 3, a combustor of the present invention is designated 
in its entirety by the reference number 30. The combustor 
30 has a combustion chamber 3 2 in which combustor air is 
mixed with fuel and burned. The combustor 30 includes an 
outer liner 34 and an inner liner 36. The outer liner 34 
defines an outer boundary of the combustion chamber 32 , and 
the inner liner 3 6 defines an inner boundary of the 
combustion chamber. An annular dome/ generally designated 
by 38, mounted upstream from the outer liner 34 and the 
inner liner 3 6 defines an upstream end of the combustion 
chamber 32. Mixer assemblies or mixers of the present 
invention, generally designated by 50, are positioned on 
the dome 38. The mixer assemblies 50 deliver a mixture of 
fuel and air to the combustion chamber 32. other features 
of the combustion chamber 3 0 are conventional and will not 
be discussed in further detail. 

As illustrated in Fig. 4, each mixer assembly 50 
generally comprises a pilot mixer, generally designated by 
52, and a main mixer, generally designated by 54, 
surrounding the pilot mixer. The pilot mixer 52 includes 
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an annular pilot housing 60 having a hollow interior 62. 

A pilot fuel nozzle, generally designated by 64, is 
mounted in the housing 60 along a centerline 66 of the 
mixer 50. The nozzle 64 includes a fuel injector 68 
adapted for dispensing droplets of fuel into the hollow 
interior 62 of the pilot housing 60. It is envisioned that 
the fuel injector 68 may include an injector such as 
described in U*S. Patent No. 5,435,884, which is hereby 
incorporated by reference. 

. The pilot mixer 52 also includes a pair of 
concentrically mounted axial swirlers, generally designated 
by 70, 72, having a plurality of vanes 74, 76, 
respectively, positioned upstream from the pilot fuel 
nozzle 64. Although the swirlers 70, 72 may have different 
numbers of vanes 74, 76 without departing from the scope of 
the present invention, in one embodiment the inner pilot 
swirler has 10 vanes and the outer pilot swirler has 10 
vanes. Each of the vanes 74, 76 is skewed relative to the 
centerline 66 of the mixer 50 for swirling air traveling 
through the pilot swirler 52 so it mixes with the droplets 
of fuel dispensed by the pilot fuel nozzle 64 to form a 
fuel -air mixture selected for optimal burning during 
ignition and low power settings of the engine. Although 
the pilot mixer 52 of the disclosed embodiment has two 
axial swirlers 70, 72, those skilled in the art will 
appreciate that the mixer may include more swirlers without 
departing from the scope of the present invention. As will 
further be appreciated by those skilled in the art, the 
swirlers 70, 72 may be configured alternatively to swirl 
air in the same direction or in opposite directions. 
Further, the pilot interior 62 may be sized and the pilot 



#12 002-115847 



inner and outer swirler 70 , 72 airflows and swirl angles 
may be selected to provide good ignition characteristics, 
lean stability and low CO and HC emissions at low power 
conditions - 

A cylindrical barrier 78 is positioned between 
the swirlers 70, 72 for separating airflow traveling 
through the inner swirl er 70 from that flowing through the 
outer swirler 72 . The barrier 78 has a converging- 
diverging inner surface 8 0 which provides a fuel filming 
surface to aid in low power performance. Further, the 
housing 60 has a generally diverging inner surface 82 
adapted to provide controlled diffusion for mixing the 
pilot air with the main mixer airflow. The diffusion also 
reduces the axial velocities of air passing through the 
pilot mixer 52 and allows recirculation of hot gasses to 
stabilize the pilot flame. 

The main mixer 54 includes a main housing 90 
surrounding the pilot housing 60 and defining an annular 
cavity 92 . A fuel manifold 94 having an annular housing 96 
is mounted between the pilot housing 60 and the main 
housing 90. The manifold 94 has a plurality of fuel 
injection ports 98 on its exterior surface 100 for 
introducing fuel into the cavity 92 of the main mixer 54. 

Although the manifold 94 may have a different number of 
ports 98 without departing from the scope of the present 
invention, in one embodiment the manifold has a forward row 
consisting of 20 evenly spaced ports and an aft row 
consisting of 20 evenly spaced ports. Although the ports 
98 are arranged in two circumferential rows in the 
embodiment shown in Fig* 4, those skilled in the art will 
appreciate that they may be arranged in other 
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configurations without departing from the scope of the 
present invention. As will be understood by those skilled 
in the art, using two rows of fuel injector ports at 
different axial locations along the main mixer cavity 
provides flexibility to adjust the degree of fuel -air 
mixing to achieve low NOx and complete combustion under 
variable conditions. In addition, the large number of fuel 
injection ports in each row provides for good 
circumferential fuel-air mixing. Further, the different 
axial locations of the rows may be selected to prevent 
combustion instability. 

By positioning the annular housing 96 of the fuel 
manifold 94 between the pilot mixer 52 and the main mixer 
54, the mixers are physically separated. Further, the 
pilot housing 6 0 and fuel manifold 94 obstructs a clear 
line of sight between the pilot mixer fuel nozzle 64 and 
the main housing cavity 92. Thus, the pilot mixer 52 is 
sheltered from the main mixer 54 during pilot operation for 
improved pilot performance stability and efficiency and 
reduced CO and HC emissions. Further, the pilot housing 60 
is shaped to permit complete burnout of the pilot fuel by 
controlling the diffusion and mixing of the pilot flame 
into the main mixer 54 airflow. As will also be 
appreciated by those skilled in the art, the distance 
between the pilot mixer 52 and the main mixer 54 may be 
selected to improve ignition characteristics, combustion 
stability at high and lower power and low CO and HC 
emissions at low power conditions. 

The main mixer 54 also includes a swirler 102 
positioned upstream from the plurality of fuel injection 
ports 98. Although the main swirler 102 may have other 
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configurations without departing from the scope of the 
present invention, in one embodiment the main swirler is a 
radial swirler having a plurality of radially skewed vanes 
104 for swirling air traveling through the swirler 102 to 
mix the air and the droplets of fuel dispensed by the ports 
98 in the manifold housing 96 to form a fuel -air mixture 
selected for optimal burning during high power settings of 
the engine. Although the swirler 102 may have a different 
number of vanes 104 without departing from the scope of the 
present invention, in one embodiment the main swirler has 
32 vanes. The main mixer 54 is primarily designed to 
achieve low NOx under high power conditions by operating 
with a lean air - fuel mixture and by maximizing the fuel and 
air pre-mixing. The radial swirler 102 of the main mixer 
54 swirls the incoming air through the radial vanes 104 and 
establishes the basic flow field of the combustor 30. Fuel 
is injected radially outward into the swirling air stream 
downstream from the main swirler 102 allowing for thorough 
mixing within the main mixer cavity 92 upstream from its 
exit. This swirling mixture enters the combustor chamber 
32 where is burned completely. 

A second embodiment of the mixer 110 shown in 
Fig. 5, includes a main mixer 112 having two swirler s, 
generally designated by 114 , 116, positioned upstream from 
the plurality of fuel injection ports 96. Each of the 
swirlers 114, 116 has a plurality of vanes 118, 120, 
respectively, for swirling air traveling through the 
respective swirler to mix the air and the droplets of fuel 
dispensed by the ports 96 in the manifold 94 to form a 
fuel -air mixture selected for optimal burning during high 
power settings of the engine. Although the swirlers 114, 
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116 may have different numbers of vanes 118 , 12 0 without 
departing from the scope of the present invention, in one 
embodiment the forward main swirler has 32 vanes and the 
rearward main swirler has 32 vanes. Both swirlers 114, 116 
are radial swirlers and each of the vanes 118, 120 is a 
radially skewed vane. As will be appreciated by those 
skilled in the art r the swirlers 114, 116 may be configured 
alternatively to swirl air in the same direction or in 
opposite directions. However, counter-rotating swirlers 
114, 116 provide increased turbulence and mixing within the 
main mixer cavity 92 which results in improved main mixer 
fuel-air pre-mixing and reduced NOx emissions. As the 
mixer of the second embodiment is identical to the mixer 50 
of the first embodiment in all other respects, it will not 
be described in further detail. 

In operation, only the pilot mixer is fueled 
during starting and low power conditions where stability 
and low CO/HC emissions are critical. The main mixer is 
fueled during high power operation including takeoff, climb 
and cruise conditions. The fuel split between the pilot 
and main mixers is selected to provide good efficiency and 
low NOx emissions as is well understood by those skilled in 
the art . 

When introducing elements of the present 
invention or the preferred embodiment ( s ) thereof, the 
articles "a", "an", "the" and "said" are intended to mean 
that there are one or more of the elements. The terms 
"comprising", "including" and "having" are intended to be 
inclusive and mean that there may be additional elements 
other than the listed elements. 

As various changes could be made in the above 
constructions without departing from the scope of the 
invention, it is intended that all matter contained in the 
above description or shown in the accompanying drawings 
shall be interpreted as illustrative and not in a limiting 
sense. 
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4. Brief Description of Drawings 

Fig, 1 is a vertical cross section of an upper 
half of a conventional rich dome combustor; 

Fig. 2 is a vertical cross section of an upper 
half of a conventional lean dome combustor; 

Fig. 3 is a vertical cross section of an upper 
half of a combustor of the present invention; 

Fig. 4 is a vertical cross section of a mixer 
assembly of a first embodiment of the present invention; 
and 

Fig. 5 is a vertical cross section of a mixer 
assembly of a second embodiment of the present invention. 



FIG. 1 

(PRIOR ART) 
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FIG. 2 

(PRIOR ART) 
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FIG. 5 
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1. Abstract 

A mixer assembly <50, 110) for use in a 
combustion chamber (32) of a gas turbine engine. The 
assembly (50, 110) includes a pilot mixer (52) and a main 
mixer (54 r 112). The pilot mixer (52) includes an annular 
pilot housing (60) having a hollow interior (62), a pilot 
fuel nozzle {64} mounted in the housing (60) adapted for 
dispensing droplets of fuel to the hollow interior (62) of 
the pilot housing (60) , and a plurality of concentrically 
mounted axial swirlers (70, 72) positioned upstream from 
the pilot fuel nozzle (64) . Each of the swirlers (70, 72) 
has a plurality of vanes (74, 76) for swirling air 
traveling through the respective swirler (70, 72) to mix 
air and the droplets of fuel dispensed by the pilot fuel 
nozzle (64) . The main mixer (54, 112) includes a main 
housing (90) surrounding the pilot housing (60) defining an 
annular cavity (92), a plurality of fuel injection ports 
(98) for introducing fuel into the cavity (92) , and a 
swirler {102, 114, 116) positioned upstream from the 
plurality of fuel injection ports (98) having a plurality 
of vanes (104, 118, 120) for swirling air traveling through 
the swirler (102, 114, 116) to mix air and the droplets of 
fuel dispensed by the fuel injection ports (98) . 

2. Representative Drawing: Figure 4 



